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TXHQFKLQJUHVLVWRU(DFK$3'KDVDVL]HYDU\LQJIURPîȝPWRîȝPWKHVRFDOOHGSL[HOVL]HDQGLV
FDSDEOHRIGHWHFWLQJSKRWRQVLQGHSHQGHQWO\$OOSL[HOVLQWKHDUUD\DUHFRQQHFWHGHOHFWULFDOO\LQSDUDOOHOWRDFRPPRQ
RXWSXW 7KH RXWSXW SXOVH DPSOLWXGH LV SURSRUWLRQDO WR WKH QXPEHU RI SL[HOV ILUHG LH WR WKH QXPEHU RI GHWHFWHG
SKRWRQV6L30DUHXVHGLQVHYHUDOVXEGHWHFWRUVRIWKH*OXH;H[SHULPHQW7KH*OXH;H[SHULPHQWDQGDSSOLFDWLRQRI
6L30V LQYDULRXV VXEGHWHFWRUVZLOOEHGHVFULEHG LQ6HFWLRQ0HDVXUHPHQW UHVXOWVRI VRPH6L30FKDUDFWHULVWLFV
ZLOOEHSUHVHQWHGLQ6HFWLRQ
$SSOLFDWLRQRI6L30VLQ*OXH;H[SHULPHQW
2.1. The GlueX experiment 
7KH&RQWLQXRXV(OHFWURQ%HDP$FFHOHUDWRU)DFLOLW\&(%$)DW-HIIHUVRQ/DESURYLGHVDXQLTXHKLJKLQWHQVLW\
EHDPRIOLQHDUO\SRODUL]HGSKRWRQVSURGXFHGXVLQJDEUHPVVWUDKOXQJWHFKQLTXH>@7KHSKRWRQEHDPZLOOEHXVHG
E\WKHQHZH[SHULPHQW*OXH;FRQVWUXFWHGLQWKHH[SHULPHQWDO+DOO'>@7KHPDLQJRDORIWKH*OXH;H[SHULPHQWLV
WRSURYLGH FULWLFDO GDWD WKDWZLOO KHOS WRTXDQWLWDWLYHO\XQGHUVWDQG FRQILQHPHQWRITXDUNV DQGJOXRQV LQTXDQWXP
FKURPRG\QDPLFV4&'&RQILQHPHQWLVDXQLTXHSURSHUW\RIWKH4&'DVVRFLDWHGZLWKDJOXRQLFILHOGUHVSRQVLEOH
IRUELQGLQJTXDUNVLQKDGURQV+\EULGPHVRQVZLWKH[RWLFTXDQWXPQXPEHUV-3&SURYLGHDXQLTXHRSSRUWXQLW\IRU
WHVWLQJ 4&' LQ WKH FRQILQHPHQW UHJLPH VLQFH WKHVH PHVRQV H[SOLFLWO\ PDQLIHVW JOXRQLF GHJUHHV RI IUHHGRP
3KRWRSURGXFWLRQLVH[SHFWHGWREHSDUWLFXODUO\HIIHFWLYHLQSURGXFLQJH[RWLFK\EULGV
2.2. Tagger Microscope 
7KHSKRWRQEHDPLVSURGXFHGE\D*H9HOHFWURQEHDPLQFLGHQWRQDWKLQȝPGLDPRQGUDGLDWRU&RKHUHQW
UDGLDWLRQIURPWKHGLDPRQGFU\VWDOODWWLFHUHVXOWVLQVKDUSPRQRFKURPDWLFSHDNVLQWKHSKRWRQHQHUJ\VSHFWUXP7KH
SKRWRQHQHUJ\UDQJHRILQWHUHVWIRU*OXH;FRUUHVSRQGLQJWRWKHODUJHVWFRKHUHQWSHDNLVEHWZHHQ*H9DQG
*H97KHSKRWRQHQHUJ\LQWKLVUHJLRQZLOOEHGHWHUPLQHGE\ILQHUHVROXWLRQKRGRVFRSHWDJJHU³PLFURVFRSH´ZLWK
DQDFFXUDF\RIDERXWE\PHDVXULQJWKHHQHUJ\RIWKHHOHFWURQDIWHUUDGLDWLRQ7KHPLFURVFRSHLVFRPSRVHGRID
WZRGLPHQVLRQDODUUD\[VTXDUHVFLQWLOODWLQJILEHUVZLWKDFURVVVHFWLRQRIPPDVVKRZQLQ)LJ(OHFWURQV
IURPWKHVSHFWURPHWHUWUDYHOSDUDOOHOWRWKHD[LVRIWKHILEHUV&OHDUILEHUVDWWDFKHGLQWKHEDFNHQGRIWKHVFLQWLOODWLQJ
ILEHUV WUDQVSRUW WKH OLJKW IURP WKH VFLQWLOODWRU ILEHUV WR 6L30V ORFDWHG LQ D UHJLRQ ZLWK ORZ UDGLDWLRQ 6L30V
+DPDPDWVX033&63>@ZLWKDVHQVLWLYHDUHDRI[PPDQGDSL[HOVL]HRIPPDUHXVHG7KH
DYHUDJHDPRXQWRIOLJKWFROOHFWHGIURPVFLQWLOODWRUVFRUUHVSRQGVWRDERXWSL[HOVILUHGLQD6L303KRWRVHQVRUV
ZLOOEHRSHUDWHGDWDUHODWLYHO\ODUJHUDWHRIDERXW0+]DQGVKRXOGSURYLGHWLPHPHDVXUHPHQWVZLWKDUHVROXWLRQ
EHWWHUWKDQSV

)LJ&RQFHSWXDOGHVLJQRIDVHJPHQWRIWKHWDJJHUPLFURVFRSHVKRZLQJWKHWZRGLPHQVLRQDODUUD\RIVFLQWLOODWLQJILEHUVDQGWKHFOHDUILEHUOLJKW
JXLGHVWKDWFRXSOHWKHOLJKWWRWKHVLOLFRQSKRWRPXOWLSOLHUV
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2.3. Pair spectrometer hodoscope 
2QHRIWKHNH\FRPSRQHQWVRIWKH+DOO'SKRWRQEHDPOLQHLVWKHSDLUVSHFWURPHWHU>@ZKLFKLVLQVWDOOHGDIWHU
WKHSKRWRQFROOLPDWRULQIURQWRIWKH*OXH;GHWHFWRU7KHVSHFWURPHWHUZLOOPHDVXUHWKHHQHUJ\RIDEHDPSKRWRQE\
GHWHFWLQJDQHSDLUSURGXFHGE\WKHSKRWRQLQDWKLQFRQYHUWHU7KHPDLQSXUSRVHRIWKHVSHFWURPHWHULVWRPHDVXUH
WKHVSHFWUXPRIWKHFROOLPDWHGSKRWRQEHDPDQGGHWHUPLQHWKHIUDFWLRQRIOLQHDUO\SRODUL]HGSKRWRQVLQWKHFRKHUHQW
SHDN HQHUJ\ UHJLRQ (OHFWURQSRVLWURQ SDLUV DUH FUHDWHG E\ EHDP SKRWRQV LQVLGH D WKLQ FRQYHUWHU ZLWK D W\SLFDO
WKLFNQHVVRIa UDGLDWLRQ OHQJWK7KHSURGXFHG OHSWRQVDUHGHIOHFWHG LQDGLSROHPDJQHWDQG UHJLVWHUHG LQ WZR
OD\HUV RI VFLQWLOODWRU GHWHFWRUV D KLJKJUDQXODULW\ KRGRVFRSH DQG D VHW RI FRDUVH FRXQWHUV 7KH GHWHFWRUV DUH
RUJDQL]HG LQWR WZR DUPV SRVLWLRQHG V\PPHWULFDOO\ ZLWK UHVSHFW WR WKH SKRWRQ EHDPOLQH (DFK KLJKJUDQXODULW\
KRGRVFRSHFRQVLVWVRIWKLQVFLQWLOODWRUWLOHVîîPPDQGîîPPVWDFNHGWRJHWKHU7KHOLJKWIURP
HDFK WLOH LV FROOHFWHGE\PHDQV RI D îPPZDYHOHQJWK VKLIWLQJ ILEHUV(DFK ILEHU LV FRXSOHG WR D+DPDPDWVX
6L30033&637KHDYHUDJHDPRXQWRIOLJKWVHHQE\D6L30FRUUHVSRQGVWRDERXW±ILUHGSL[HOV
7KHUHDGRXWERDUGZLWK6L30VLQVWDOOHGLVVKRZQRQ)LJ


)LJ7KHKLJKJUDQXODULW\SDLUVSHFWURPHWHUUHDGRXWHOHFWURQLFVERDUGZLWK6L30VLQVWDOOHGRQLW
2.4. Start Counter 
&ROOLPDWHG EHDP SKRWRQV DUH VXEVHTXHQWO\ VHQW WR WKH *OXH; OLTXLG K\GURJHQ WDUJHW VXUURXQGHG E\ WKH VWDUW
FRXQWHU 67DQGSRVLWLRQHG LQVLGH WKH*OXH;VXSHUFRQGXFWLQJVROHQRLGPDJQHW7KH67FRQVLVWVRI D F\OLQGULFDO
DUUD\RIVFLQWLOODWRUSDGV7KHSXUSRVHRIWKH*OXH;VWDUWFRXQWHULVLQFRLQFLGHQFHZLWKWKHWDJJHUWRLGHQWLI\WKH
HOHFWURQEHDPEXFNHWZKHUHWKHLQWHUDFWLRQRFFXUUHG/LJKWIURPHDFKSDGLVGHWHFWHGE\6L30VDWWDFKHGWRRQH
VLGHRIWKHSDG6L30VRIWKHVDPHW\SHDVIRUWKHWDJJHUPLFURVFRSHDQGWKHSDLUVSHFWURPHWHUKRGRVFRSHDUHXVHG
7KHRSHUDWLRQUDWHRIWKH67LVDERXWN+]SHUSDG7KHGHWHFWRUWLPHUHVROXWLRQLVDERXW±SV
2.5. Barrel calorimeter 
$QRWKHU*OXH;VXEGHWHFWRUZKLFKLVLQVWUXPHQWHGZLWK6L30VLVWKHEDUUHOFDORULPHWHU%&$/>@7KH%&$/
FRQVLVWVRILGHQWLFDOPRGXOHVEXLOWXVLQJOHDGVKHHWVZLWKJURRYHVDQGVFLQWLOODWLQJILEHUVSRVLWLRQHGLQVLGHWKHP
7KHPRGXOH LV UHDG RXW IURP ERWK VLGHV E\  6L30SKRWRGHWHFWRUV DV VKRZQ LQ )LJ  7KH SKRWRGHWHFWRUV DUH
FRPSDFW DQG WROHUDQW WR D PDJQHWLF ILHOG DERYH  7 (DFK SKRWRGHWHFWRU LV DQ DUUD\ RI [ FXVWRP VLOLFRQ
SKRWRPXOWLSOLHUV îPP HDFKPDQXIDFWXUHG E\+DPDPDWVX&RUSRUDWLRQ 6 ;ZKLFK VL]H LV î
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FP6HYHUDO SKRWRGHWHFWRU W\SHV LQFOXGLQJ ILQHPHVK 307VZHUH FRQVLGHUHG IRU WKH %&$/ LQVWUXPHQWDWLRQ EXW
6L30VZHUHIRXQGWREHWKHPRVWDSSURSULDWHVROXWLRQ

)LJ3KRWRQHQHUJ\VSHFWUXPPHDVXUHGZLWKWKH36KRGRVFRSHGXULQJWKHILUVWFRPPLVVLRQLQJUXQZLWKDGLDPRQGUDGLDWRU
6LOLFRQSKRWRPXOWLSOLHUVPDQXIDFWXUHGE\+DPDPDWVX&RUSRUDWLRQ033&63ZLWKDVHQVLWLYHDUHDRI
[PPDUHXVHG WRGHWHFW OLJKW IURPWKH WDJJHUPLFURVFRSHSDLU VSHFWURPHWHUDQGVWDUWFRXQWHU$UUD\VRI[
FXVWRP VLOLFRQ SKRWRPXOWLSOLHU PDQXIDFWXUHG E\ +DPDPDWVX &RUSRUDWLRQ 6 ; ZHUH FKRVHQ IRU WKH
LQVWUXPHQWDWLRQRIWKHEDUUHOHOHFWURPDJQHWLFFDORULPHWHU
6L30WLPLQJPHDVXUHPHQWV
3.1. Timing resolution 
6L30V DUH NQRZQ WR KDYH H[WUHPHO\ JRRG WLPH UHVROXWLRQ HYHQ IRU VPDOO DPRXQW RI OLJKW FRUUHVSRQGLQJ WR D
VLQJOHSL[HO UHVSRQVH >@ 7KH ULVH WLPH RI WKH OLJKW SXOVH DQG UHDGRXW HOHFWURQLFV FDQ VLJQLILFDQWO\ DIIHFW WLPLQJ
FKDUDFWHULVWLFVRIWKHGHWHFWRU:HPHDVXUHGWKHWLPHUHVROXWLRQRI+DPDPDWVX6L30VZLWKDVHQVLWLYHDUHD[PP
DQG SL[HO VL]H RI  PLFURQV 033& 6& IRU YDULRXV QXPEHUV RI ILUHG SL[HOV DQG RSHUDWLRQ UDWH
0HDVXUHPHQWVZHUHPDGHXVLQJDSLFRVHFRQGODVHUSXOVHUDQGOLJKWSURGXFHGE\DQ/('ZLWKWRWDOSXOVHZLGWKRI
QV ,Q WKH ILUVW FDVH WKH WLPH UHVROXWLRQ LV OLPLWHG E\ UHDGRXW HOHFWURQLFV )RU VWXGLHV ZLWK DQ /(' WKH PDLQ
FRQWULEXWLRQWRWKHWLPHUHVROXWLRQFRPHVIURPWKHULVHWLPHRIWKHOLJKWSXOVHRIaQV7KHULVHWLPHLVFRPSDUDEOH
ZLWKWKHOLJKWFROOHFWLRQWLPHIURPDVFLQWLOODWRUXVLQJWUDQVSDUHQWILEHUVRUZDYHOHQJWKVKLIWHUILEHU:/6:HDOVR
PHDVXUHG WKH GHSHQGHQFH RI WKH WLPH UHVROXWLRQ RQ WKH QXPEHU RI ILUHG SL[HOV IRU WKH 6L30 DUUD\ DW D URRP
WHPSHUDWXUHDQGDW&7KHVH6L30VDUHPRVWVHQVLWLYHLQDEOXHOLJKW§QPZKLFKLVFRQVLVWHQWZLWKWKH
VSHFWUXPRIWKHHPLWWHGOLJKWIURPVFLQWLOODWRU(-±>@
6L30WLPHFKDUDFWHULVWLFVZHUHVWXGLHGXVLQJDSXOVHJHQHUDWRU+3QVSXOVHZLGWKZKLFKGURYHDIDVW
EOXHOLJKWHPLWWLQJGLRGH/('DQGDWULJJHUIRUGDWDUHDGRXWDQGDWZRLGHQWLFDO6L30VORFDWHGHTXLGLVWDQWIURP
WKHOLJKWVRXUFHDQGFRQQHFWHGWRDFXVWRPPDGHEURDGEDQGIDVWSUHDPSOLILHU7KHDPSOLILHGVLJQDOVZHUHVHQWWRD
ELW$'&I$'&>@DQGWKURXJKGLVFULPLQDWRU&)'2UWHFWRDSV7'&&DHQ9;8VLQJWZR
LGHQWLFDO 6L30V UHGXFHV WKH LPSDFW RI WKH LQVWDELOLW\ RI WKH /(' SXOVH DQG WKH V\VWHPDWLF HIIHFWV IURP WKH
HOHFWURQLFV 6WDELOLW\ RI WKH /(' SXOVH DV D IXQFWLRQ RI IUHTXHQF\ DQG VLJQDO DPSOLWXGHZHUHPHDVXUHG XVLQJ D
FDOLEUDWHGSKRWRVHQVRU5HVXOWVVKRZHGWKDWWKHSXOVHIURPWKH/('ZDVVWDEOHXSWR0+]
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
)LJ7LPLQJUHVROXWLRQRIWKH033&6&DVDIXQFWLRQRIWKHQXPEHURIILUHGSL[HOVPHDVXUHGE\WKHVLPXODWLRQRIWKHVLJQDOIURP
IDVWVFLQWLOODWRU
&KDUJHG&DOLEUDWLRQRIHDFK6L30ZDVFDUULHGRXWXVLQJDORZLQWHQVLW\/('OLJKW7KHDPSOLWXGHRIWKH6L30
VLJQDOZDVGLJLWL]HGXVLQJDIODVK$'&RSHUDWHGDWDVDPSOLQJUDWHRI0+]'LJLWL]HGVLJQDOSXOVHZDVVXPPHG
LQDQVZLQGRZ7KH VLQJOHSL[HO$'&UHVSRQVHZDVGHWHUPLQHG IURPD$'&VSHFWUXP7LPH UHVROXWLRQZDV
GHWHUPLQHGXVLQJDWLPHGLIIHUHQFHEHWZHHQWZR6L30VDV

 tt  
V
V  


7KHGHSHQGHQFHRIWKHWLPHUHVROXWLRQRIWKH6L306&RQWKHQXPEHURIILUHGSL[HOVPHDVXUHGE\
WKH/('LVVKRZQRQ)LJ7KLVGHSHQGHQFHLVILWWHGXVLQJWKHIROORZLQJIXQFWLRQ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